BACKGROUND: Statin use is associated with increased incidence of diabetes and possibly with increased body weight and reduced exercise capacity. Data on the longterm effects of these associations in healthy adults, however, are very limited. In addition, the relationship between these effects and diabetic complications has not been adequately studied. OBJECTIVE: To examine the association between statin use and new-onset diabetes, diabetic complications, and overweight/obesity in a cohort of healthy adults. RESEARCH DESIGN: This was a retrospective cohort study. PARTICIPANTS: Subjects were Tricare beneficiaries who were evaluated between October 1, 2003 and March 1, 2012. Patients were divided into statin users and nonusers. INTERVENTION: We excluded patients who, at baseline, had a preexisting disease indicative of cardiovascular diseases, any positive element of the Charlson comorbidity index (including diabetes mellitus), or life-limiting chronic diseases. Using 42 baseline characteristics, we generated a propensity score to match statin users and nonusers. MAIN MEASURES: Outcomes assessed included newonset diabetes, diabetic complications, and overweight/ obesity. KEY RESULTS: A total of 25,970 patients (3982 statin users and 21,988 nonusers) were identified as healthy adults at baseline. Of these, 3351 statins users and 3351 nonusers were propensity score-matched. Statin users had higher odds of new-onset diabetes (odds ratio [OR] 1.87; 95 % confidence interval [95 % CI] 1.67-2.01), diabetes with complications (OR 2.50; 95 % CI 1.88-3.32), and overweight/obesity (OR 1.14; 95 % CI 1.04-1.25). Secondary and sensitivity analyses demonstrated similar findings. CONCLUSIONS: Diabetes, diabetic complications, and overweight/obesity were more commonly diagnosed among statin-users than similar nonusers in a healthy cohort of adults. This study demonstrates that short-term clinical trials might not fully describe the risk/benefit of long-term statin use for primary prevention.
INTRODUCTION
Despite their effectiveness in lowering cardiovascular morbidity and mortality, statins (3-hydroxy-3-methylglutaryl-coenzyme A reductase [HMGR] inhibitors) have been shown to be associated with a small risk of incident diabetes mellitus. 1 A recent cross-sectional study noted higher caloric and fat intake and increased body mass index among statin users in contrast to nonusers. 2 Additionally, achieving a "cholesterol goalt hrough swallowing a tablet might result in false self assurance, and may encourage poor dietary choices and a sedentary lifestyle. 3 Several randomized trials and observational studies have noted that statin users have higher hemoglobin [Hb] A 1C and fasting plasma glucose measurements than nonusers. [4] [5] [6] [7] [8] Hence, it can be surmised that statins may increase the risk of diabetic complications.
Most studies reporting an increased risk of new-onset diabetes among statin users included high-risk populations 1 ; data are limited regarding incident diabetes risk in healthy populations. For example, patients in the Anglo-Scandinavian Cardiac Outcomes Trial-Lipid Lowering Arm (ASCOT-LLA) study had hypertension and three or more cardiovascular risk factors. 9 The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT-LLT), 10 West of Scotland Coronary Prevention Study (WESCOPS), 11 and ASCOT-LLA studies actually included patients who had evidence of preexisting cardiovascular disease (8, 14 .2, and 18.5 %, respectively). As a result, some investigators have proposed that statin use is associated with incident diabetes only in the highest-risk population.
The study was divided into two periods: 1) a baseline period (October 1, 2003 to September 30, 2005) , which was used for description of baseline characteristics; and 2) a follow-up period (October 1, 2005 to March 1, 2012), which was used to capture outcome events. All patients were enrolled in the system throughout the study period; hence, there were no missing data.
Patient Population
Inclusion Criteria. The study included all patients aged 30 to 85 years who were enrolled in the San Antonio area and who met the following criteria:
1. Were enrolled in Tricare Prime/Plus throughout the study. 2. Had at least one outpatient visit during the baseline period and one outpatient visit during the follow-up period. 3. Received at least one prescription medication during the baseline period.
Exclusion Criteria. 15 and previous publications. 16 -Patients who were newly started on statins after September 30, 2005 (end of baseline period). This exclusion allowed the creation of statin user and nonuser groups with similar periods of follow-up. -Patients who received statins for less than 90 days.
To identify a healthy cohort who used statins for primary prevention and without severe comorbidities, we excluded patients with the following diseases:
1. Patients who had any positive elements of the Charlson comorbidity index at baseline using Deyo's method. 17 2. Patients with ICD-9-CM codes that suggested the presence of cardiovascular disease or their equivalents at baseline as defined by several AHRQ-CCS disease categories (Appendix A). 3. Patients with ICD-9-CM codes for comorbid conditions that might limit life expectancy or physical activity, as defined by the following AHRQ-CCS disease categories 15 : chronic obstructive pulmonary disease and bronchiectasis; respiratory failure, insufficiency, arrest in adult; nephritis, nephrosis, renal sclerosis; chronic kidney disease; rheumatoid arthritis and related disease; systemic lupus erythematosus and connective tissue disorders; pathological fracture; schizophrenia and other psychotic disorders; or suicide and intentional self-inflicted injury (Appendix A).
We identified two treatment groups: 1. Statin users: patients who filled a statin for at least 90 days between October 1, 2004 and September 30, 2005 . This group was further classified as either: a.
High-intensity statin users: patients who were prescribed high-intensity statin therapy, as defined by the guidelines of the American College of Cardiology/American Heart Association (ACC/ AHA), 18 at any time during the study. b.
Moderate/low-intensity statin users: patients who did not receive high-intensity statin therapy over the duration of the study. 18 2. Nonusers: patients who did not receive statins at any time during the study.
Outcomes
We utilized pre-specified diagnosis groups to define our outcomes, as follows:
1. Diabetes mellitus: as identified in AHRQ-CCS category 49 (diabetes mellitus without complications), excluding V codes signifying preexisting conditions (Appendix B). 15 2. Diabetes mellitus with complications: as identified in AHRQ-CCS category 50 (Appendix B). 15 3. Overweight/obesity: included selected ICD-9-CM diagnosis codes from category 56 of the AHRQ-CCS (other nutritional; endocrine disorders; metabolic) related to overweight, obesity, and hyperalimentation (Appendix B).
AHRQ-CCS is a diagnosis and procedure categorization scheme that is based on ICD-9-CM codes in which meaningful categories of disease diagnoses are created to enable more useful identification of populations for relatively specific conditions. 15 The method of creation and validation of AHRQ-CCS was previously published. [19] [20] [21] [22] [23] AHRQ-CCS disease categories have been widely used in numerous publications to identify comorbidities and outcomes, [24] [25] [26] [27] [28] [29] 36, 37 and to generate reports on utilization and cost statistics in relation to diabetes and diabetic complications in various health care settings. [38] [39] [40] [41] [42] Additionally, ICD-9 codes have been widely used to ascertain outcomes of Bdiabetes mellitus^and Bdiabetes mellitus with complications,â s these two outcomes are essential components in calculating the Charlson comorbidity index using Dyeo's method 17 and the Elixhauser comorbidity score 43 from administrative data, and both of these scores are widely used. 44 The sensitivity and specificity of ICD-9 codes for diagnosing diabetes without complications were 77.7 and 98.4 %, and for diabetes with complications were 63.6 and 98.9 %, respectively. 45 In a study using the VA database, the sensitivity and specificity of ICD-9 codes in comparison to chart review to identify diabetes were 78.3 and 95.7 %, respectively. 46 The use of ICD-9 codes in general and AHRQ-CCS codes in particular in order to extract obesity diagnoses has been described in the literature [47] [48] [49] [50] ; AHRQ-CCS codes for obesity have also been used to generate reports on utilization and cost statistics in relation to obesity. [51] [52] [53] In general, the use of ICD-9 codes to identify obesity has been noted as having low sensitivity but high specificity 45, 54 ; using chart review as the gold standard, the sensitivity, specificity, positive predictive value, and negative predictive value were 24.6 %, 99.3 %, 75.9 %, and 93.6 %. 45 
Data and Statistical Analyses
In the present study, patients' comorbidities were identified using ICD-9-CM codes (Appendix B and Appendix C), and their Charlson comorbidity index was calculated using Deyo's method. 17 Using propensity scores, we matched statin users to similar nonusers using 42 variables (Table 1) . 55 Propensity Score Matching. We used a logistic regression model to create the propensity score and test the balance of covariates. 56 We performed 1:1 nearest neighbor matching with a caliper of 0.01.
57.
Primary Analysis. We examined risks of outcomes in statin users and nonusers in the propensity score-matched cohort using conditional logistic regression analysis.
Secondary and Sensitivity Analyses. Table 2 summarizes the study cohorts and statistical methods. We examined risks of outcomes in the following cohorts using multivariable logistic regression with adjustment for propensity score: High-intensity statin users (1155 patients) versus moderate/low-intensity statin users (2827 patients).
Baseline characteristics for comparator groups were assessed using chi-square for categorical variables and the Student's t test for continuous variables. Comparisons were considered to be statistically significant at p values ≤0.05. Statistical analyses were performed using Stata software (Version 12; StataCorp LP, College Station, TX, USA) and SPSS software (Version 19; IBM Corp., Armonk, NY, USA).
RESULTS
Based on our initial inclusion and exclusion criteria, 43,438 patients were identified (13,626 statin users and 29,812 nonusers). To develop the healthy cohort, we excluded 13,311 subjects with any positive elements in their Charlson comorbidity index, 3876 subjects with diagnoses suggestive of cardiovascular disease, and 281 patients with other comorbidities that might limit life expectancy or physical activity at baseline (Fig 1) . Hence, our final healthy cohort included 25,970 patients (3982 statin users and 21,988 nonusers). Overall, 77 % of prescriptions of statins were for simvastatin, 19 % for atorvastatin, 3 % for pravastatin, and 1 % for rosuvastatin. Table 3 describes selected characteristics of the population that met the study criteria. Statin users were older, had higher proportions of men and smokers, had a higher prevalence of comorbidities, and utilized other classes of medications more frequently except for non-steroidal antiinflammatory drugs and testosterone therapy.
Propensity Score-Matched Analysis
Using propensity scores, we matched 3351 statin users to 3351 nonusers. After matching, there were no significant differences in baseline characteristics between groups (Table 1 ). In the propensity score-matched cohort (primary analysis), the mean (SD) cumulative duration of statin use among statin users was as follows: mean (SD)=2001 (895) days, median We included patients with hypertension but excluded those with hypertension with complications, secondary hypertension, or end-organ damage. Similarly, we included patients with asthma but excluded those with chronic obstructive pulmonary disease, bronchiectasis, respiratory failure, or insufficiency as detailed in the "Research Design and Methods" section c Although these patients had no other diagnosis codes indicative of cardiovascular disease, they were more likely to be seen by cardiologists and to be started on statin therapy; therefore, we included these baseline characteristics in the propensity score matching (interquartile range)=2170 (1350-2775) days. At some point during the study period, 28 % of statin users received a highintensity statin and 87 % received a moderate-intensity statin. 18 
Primary Analysis
In the propensity score-matched cohort, statin users had higher ORs for diabetes (OR 1.87; 95 % confidence interval [95 % CI] 1.67-2.01), diabetes with complications (OR 2.50; 95 % CI 1.88-3.32), and overweight/obesity (OR 1.14; 95 % CI 1.04-1.25) ( Table 4) . Table 5 describes the breakdown of diabetes complications.
During the follow-up period, the mean (SD) number of inpatient admissions for nonusers and statin users were 0.46 (1.19) and 0.45 (1.07), respectively (p=0.7); and the mean (SD) of number of outpatient medical encounters for nonusers and statin users were 60.80 (61.6) and 65.8 (58.9), respectively (p=0.001). Since statin users had more visits with providers than nonusers, we repeated the analysis introducing the number of inpatient admission and outpatient medical encounters during the follow-up period as covariates in the regression model to account for any possible ascertainment bias. Our results continued to be significant; statin users had higher ORs for diabetes (OR 1.85; 95 % CI 1.65-2.07), diabetes with complications (OR 2.53; 95 % CI 1.90-3.38), and overweight/ obesity (OR 1.12; 95 % CI 1.02-1.23).
Secondary and Sensitivity Analyses
The adjusted ORs for high-intensity statin users were higher than moderate/low-intensity statin users ( Table 6 ). The adjusted ORs for the secondary and sensitivity analyses were higher for statin users across all groups for all outcomes ( Table 7) . The ORs were highest among high-intensity statin-user cohort.
DISCUSSION
This study demonstrated that statin use was associated with an increased likelihood of new diagnoses of diabetes mellitus, diabetic complications, and overweight/obesity. Whereas the increased risk of diabetes with statins is well known, the increased risk of diabetic complications has not been previously described.
The overall proportion of patients who developed diabetes during the follow-up period was approximately 14 %, which is similar to recent national trends. 58 The increased risk of diabetes among statin users is well described in several studies. 1, 59 In a meta-analysis of 13 statin clinical trials (mean follow-up duration from 1.9 to 6 years), the OR of incident diabetes was 1.09 (95 % CI 1.02-1.17).
1 However, these trials used different methods for diagnosing diabetes, and some trials were missing diabetes incidence data. Moreover, all statin primary prevention trials used intention-to-treat analysis, despite high rates of dropout or quitting the study medication (12-33 %), which can result in underestimation of side effects. 60 Both lipophilic and hydrophilic statins were associated with a similar risk of diabetes, 1 although other studies have noted that the risk varied with different types of statins. 61 In a secondary analysis of the Women's Health Initiative data, statin use was associated with an increased risk of diabetes (adjusted hazard ratio [HR] 1.48; 95 % CI 1.38-1.59). 62 Other observational studies have noted higher adjusted risk of incident diabetes among statin users versus nonusers. ranging from 2.8 to 4.7.
63,64
Importantly, our study demonstrated that high-intensity statin therapy was associated with the highest risk of diabetes, diabetic complications, and overweight/obesity (adjusted OR 2.55, 3.68, and 1.58, respectively), thereby demonstrating a dose-response relationship. A recent observational study 59 and a meta-analysis of five clinical trials (32,752 patients) noted that higher-potency statins were also associated with a higher risk of diabetes compared to lower-potency statins. 65 In this study, our intent was to examine the risk of outcomes in a healthy population, excluding patients who had ischemic heart diseases or their equivalents, patients with any Charlson comorbidity (which include renal failure, mild liver disease, HIV, and any malignancy other than skin cancers), and patients with any chronic disease that might limit life expectancy or physical activity (including rheumatologic diseases, psychosis, and prior suicide attempts). In contrast, a meta-analysis of statin use and the risk of incident diabetes included patients with several comorbidities, including prior cardiovascular diseases, peripheral vascular diseases, heart failure, and elevated C-reactive protein (CRP).
1 Therefore, our study adds a new perspective to the association between statins and risk of incident diabetes.
The association between the use of statins and diabetic complications has not been reported thus far, and deserves further study. In a recent nested matched study of a Danish population, 15,679 statin users were matched to 47,037 nonusers on the basis of sex, age at diabetes diagnosis, year of diabetes diagnosis, and history of cardiovascular disease 66 ; the median follow-up was 2.7 years (range 0-13). The study noted that statin users had lower cumulative incidence of diabetic retinopathy (HR 0.60; 95 % CI 0.54-0.66) and Two small trials reported that statins were associated with an improvement in diabetic retinopathy in diabetic patients. 67, 68 For example, in one of the studies, which was a randomized controlled trial (50 patients with diabetic retinopathy), simvastatin was associated with improved ophthalmologic fundus examination. 68 On the other hand, several observational and experimental studies have noted that statin use was associated with high blood glucose levels. [4] [5] [6] [7] [8] The overall proportion of overweight/obesity in our cohort was high (exceeding 40 %), but is commensurate with recent estimates of overweight/obesity. 69 Evidence from in vitro studies indicates that statins can increase body and liver fat accumulation. 70 A recent prospective study noted that, compared to nonusers, statin users expended less metabolic equivalents, engaged in less moderate physical activity and for shorter durations, and exhibited more sedentary behavior for more minutes per day. 71 In the Justification for the Use of Statins in Primary Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) trial, an increase in body weight was observed among patients in the rosuvastatin group as compared with the placebo group (0.44 kg vs 0.15 kg, respectively). 72 A cross-sectional study (27, 886 adults) from the National Health and Nutrition Examination Survey (NHANES) noted that caloric intake, fat intake, and body mass index were higher in statin users compared to nonusers. 2 Lastly, a Mendelian randomization study noted that common variants in the HMGR gene were associated with an LDLlowering effect and an increase in body mass index, insulin resistance, and type 2 diabetes, 73 which further supports the Lipid measurements represent the mean value for each patient throughout the baseline period; these laboratory measurements were only available in 1946 statin users and 3455 nonusers. Lipid measurements were not included in propensity score matching link between statins and a higher risk of diabetes and obesity, and demonstrates that this is an Bon-target^effect. 74 Our study offers additional evidence for the association between statins and overweight/obesity, utilizing retrospective cohort observational data.
Our findings will need to be confirmed by other studies, as they may have significant implications. Our results indicate that extrapolating information from carefully selected patients in short-term randomized controlled studies to decades of statin use for primary prevention might not be appropriate. Additionally, statin effects on overall comorbidity, not only cardiovascular morbidity, need to become part of the risk/ benefit assessment.
The purpose of our study was not to examine whether the increased risk of diabetes and its complications among statin users is outweighed by the reduced risk of atherosclerotic cardiovascular disease. Comparing risks of cardiovascular disease between statin users and nonusers in observational data may be subject to confounding by indication-that is, statin users were prescribed statins because they may have had a family history of premature cardiovascular disease, high CRP, or increasing lipid profiles over time. Some investigators have suggested doubling the observed risks to account for this bias. 75 Moreover, to appropriately account for the risk of cardiovascular disease in statin users and nonusers, both groups should be matched on lipid profile and blood pressure measurements and on Framingham or other cardiovascular risk score. This information was missing for most of our patients, and therefore our results cannot be used to examine the value of statins in primary prevention among healthy adults. Rather, they only indicate that short-term clinical studies may not fully describe the effects of statins in long-term real life utilization for primary prevention, and hence additional research utilizing prospective observational and pragmatic studies is needed. Our study also indicates that in order to examine the effects of statins in primary prevention, a measure for overall comorbidity must be developed and utilized in reporting the benefits, rather than depending entirely on total cardiovascular mortality and morbidity.
Our study has several limitations, including its retrospective observational design, which may suffer from unrecognized confounding factors despite our best effort to identify confounders. Additionally, our study used ICD-9-CM codes of AHRQ-CCS, which may lack sensitivity toward some variables such as smoking and overweight/obesity. We also lacked data on body mass index, HbA 1c , serum creatinine, and urinalysis, all of which are important in supporting our outcomes. Although the use of ICD-9 codes in extracting diagnoses of diabetes with and without complications has good sensitivity and excellent specificity, we are not aware that using AHRQ-CCS codes was specifically validated in Tricare data. The use of ICD-9 codes to identify obesity as an outcome has low sensitivity but high specificity, which is another limitation to our study. However, the proportions of patients identified as overweight or obese in our outcome were similar to national trends; this may be due to the comprehensive longitudinal database, complete follow-up, easy and equal access to care within the military health care system, and the mandated routine visits for military personnel. It should be also noted that body mass index may not be reliable in identifying overweight/obesity in athletic and military populations. 76, 77 Determining baseline characteristics based on ICD-9 codes was another limitation, given the variable sensitivity and specificity of each disease group. However, we are not aware of any reason for differential ascertainment bias between statin users and nonusers (i.e., underestimation or overestimation is likely to affect both treatments equally). First, both statin users and nonusers had extensive continuous follow-up for almost 7 years and a mean number of > 60 visits (despite being a healthy population). Second, the Tricare Prime/Plus health care system has unique features that offer easy and ample access to health care, and specific aspects of health care are mandated; therefore, there was ample chance to capture diseases. Third, controlling for the number of medical encounters Table 1 , nonusers actually had higher proportions of obesity at baseline. Lastly, the prevalence of overweight/obesity and diabetes were similar to recently published national trends, 58, 69 suggesting that the magnitude of underestimation was not sizable. Another limitation is that ICD-9-CM codes do not provide information on severity of illness. Therefore, it may be assumed that physicians were more biased to prescribe statins in patients with more severe overweight/obesity at baseline, and consequently, statin users were more to likely to develop diabetes and diabetic complications. However, such bias, if it existed, is unlikely to be responsible for an approximately twofold increase in the odds of diabetes incidence and a threefold increase in the odds of diabetic complications. The use of pharmacy data to account for medication use assumes, but cannot ascertain, that patients are actually taking their medications. However, approximately 73 % of our statin users filled their statin prescriptions for 4 years, which may be considered a surrogate marker for actual use of medications. The pattern of statin use in our study, where 77 % of statin users used simvastatin, may be different from current statin utilization trends. Data from the private sector indicate that the use of atorvastatin in certain markets may be as high as 48 %, and that rosuvastatin use has risen to 65 % in some markets. 78, 79 Since using OR rather than relative risk (RR) may exaggerate the perception of risk, we calculated the RR of the outcomes using a previously published formula ,80 as follows: RR of diabetes=1.60, diabetes with complications=1.90, and overweight/obesity=1.07.
In conclusion, statin use was associated with increased likelihood of patients being diagnosed with diabetes and of diabetic complications and overweight/obesity. Further investigations, including randomized controlled studies for prolonged periods and larger-scale prospective studies, are needed in order to obtain a more complete risk/benefit assessment of statin therapy for primary prevention. 
